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Abstract
The evidence for an enteropathogenic role of Aeromonas 
spp. is still controversial. This review examines various 
parameters related to a causative role of Aeromonas and 
concludes that infraspecific subsets of strains with a 
particular array of enterotoxin genes are potential entero-
pathogens. The consequences for stool bacteriology are 
discussed.
Infection 2007; 35: 59–64
DOI  10.1007/s15010-007-6243-4
Introduction
The genus Aeromonas [1] consists of facultatively anaero-
bic Gram-negative rods that are predominantly motile by 
a single polar flagellum and produce oxidase, catalase, ni-
trate reductase, and an array of exoenzymes. Most species 
are mesophilic. Members occur in water sources, soil, and 
foodstuffs. They can be agents of disease in poikilothermic 
animals (e.g., fish, reptiles) and in man.
The following infections in man have become known [2]:
(a)   wound infections or cellulites related to water or soil 
exposure;
(b)   septicemia, mainly associated with malignancies 
(particularly hematological) or hepatobiliary disease, 
rarely with diabetes mellitus or no immune defect;
(c)   localized extraintestinal infections such as meningitis, 
peritonitis, otitis media, endocarditis, osteomyelitis, 
etc.
The first case of a human Aeromonas infection reported 
was one of myositis, observed in 1954 in a woman from 
Jamaica [3]; and the first series of infections was published 
from the author’s laboratory in 1968 [4]. Since 1961, when 
the first strain was isolated from human feces [5], aeromo-
nads have been incriminated as agents of diarrhea but the 
evidence for enteropathogenicity has never been unequivo-
cal [6] because various yardsticks used to solve the question 
have proven insufficient, including Koch’s original postu-
lates and their expansion into a “unified concept” by Evans 
[7]. For the clinician, the clinical microbiology laboratory, 
and public health authorities, however, a solution would be 
of considerable importance: a positive answer would mean 
to search for aeromonads in practically every stool speci-
men by means of selective media (which are different from 
those used for other bacterial enteropathogens) [8], and to 
decide whether to treat patients with fecal aeromonads and 
whether to regularly check drinking water for the presence 
of these organisms. In fact, the US Environmental Protec-
tion Agency has already included A. hydrophila in the 
Contaminant Candidate List of organisms which require 
future regulation under the Safe Drinking Water Act [9].
The purpose of this review is to examine and interpret 
the data that have accumulated over approximately 40 years 
and to make some, albeit preliminary, recommendations 
for the clinical laboratory. Right now, most laboratories 
have their own rules regarding the isolation of aeromonads 
from stools. Aeromonas-associated diarrhea (A.-a.d.) will 
be defined as loose stools associated with the isolation of 
aeromonads in the stool.
Diarrhoic Patients vs Controls
Of the 17 phenospecies of the genus Aeromonas [1, 2], only 
four have been isolated from human feces with significant 
frequencies: A. hydrophila, A. caviae, A. veronii biovar. 
sobria (formerly “A. sobria”), and A. trota; i.e., hybridiza-
tion groups (HG) 1,4,8, and 14. The latter is a “newcomer” 
whose frequency was probably underestimated in earlier 
studies since it is susceptible to ampicillin, an agent used in 
many selective media for aeromonads [8]. A. jandaei (HG 
9) and A. schubertii (HG 12) have been rare fecal isolates 
[10]. If these species are agents of diarrhea, one should 
expect that they are more frequently present in patients 
with A.-a.d. than in controls [7]. Appropriate studies would 
have used such controls, selective media, speciation of the 
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isolates, and would have eliminated samples containing 
aeromonads together with other enteropathogens.
While not all studies have included enteropathogenic 
Escherichia coli, viruses, and parasites, results of those 
available have been contradictory. Not only did the ranking 
of aeromonads differ from first [11–13] to fifth [14] among 
enteropathogenic bacteria, but there were also differences 
in seasonal distribution and predominating species. Some 
studies observed isolation peaks in warmer seasons [12, 13, 
15], others saw no seasonal preference [16]. A. caviae was 
the predominating species in most studies, followed by A. 
hydrophila and A. veronii biovar. sobria [6, 12, 13, 16, 17]. 
A. hydrophila predominated in Brazil [18] and Thailand 
[19]; in Bangladesh, it was initially A. caviae [20] but later A. 
trota [21] (it should be kept in mind that later studies used 
more advanced methods of identification and differentia-
tion). In Finnish residents traveling in Morocco, A. veronii 
biovar. sobria came in first [22]. While some studies did 
find significant differences in the frequency of aeromonads 
isolated from diarrhoic patients including travelers [22] as 
opposed to controls [12, 14–16], others did not [17, 23, 24]. 
One study found differences in children – more prone to di-
arrhea anyway – but not in adults [25]. In Thailand, the dif-
ference was significant for Peace Corps volunteers but not 
for indigenous people [19]. The average isolation rate from 
diarrhoic stools was 0.8 to 7.4%; in healthy controls, it was 
0.4 to 2.1% [26]. Individual studies, however, vary widely 
in this regard, e.g., a study of infants in Peru found 52.4% 
in diarrhoic patients vs 8.7% in controls [12]. Of note, if 
the concomitant enteropathogens were removed from the 
statistics and isolates were speciated, the significant dif-
ference between patients and controls would disappear in 
this study. The frequency of copathogens was also high in 
India and Bangladesh (ci. 40%; 10,14) and in Chile (50%, 
23). Control groups showed frequencies of 0 to 2.1% in 
Western Europe and the USA [15, 17, 25] and higher ones 
in warmer climates (4.8% in Bangladesh, 5.2% in Chile) 
[14, 23]; in Peru, they ranged from 0 to 21.4% [12]. The car-
rier state was transient [16], sometimes involving multiple 
phenotypes [10, 13, 27]. Ranking of individual species was 
generally equal in patients and controls [12, 17]. Finally, a 
quantitative study showed considerable variations in the 
number of colony-forming units (CFU) of aeromonads 
during different sampling periods, and CFU overlapped 
between patients (3.5 to 9.9 log10 CFU/gm stool) and con-
trols (5.7 to 6.0 log10 CFU/gm) [11]. In another study, the 
amount of growth on a selective (Monsur agar) plate was 
not associated with the presentation of diarrhea [6].
Symptomatology
Symptoms of A.-a.d. were quite variable. Stool consistency 
varied from loose to watery to bloody; and diarrhea was 
either self-limited , lasting up to one week, or took a pro-
longed course of up to two weeks, or became “chronic” 
with more than one month duration [11, 13, 15]. Nausea, 
abdominal cramps, fever, and vomiting were observed only 
in part of the patients [11, 13]. In one study, duration was 
longer and fever more prominent with A. caviae than with 
A. hydrophila or A. veronii biovar sobria [13]. While in the 
majority of patients the small intestine seemed to be af-
fected only, up to one-third showed colitis by endoscopy 
[11, 28, 29]. A few cases of hemolytic-uremic syndrome 
(HUS) following A.-a.d. [2, 30, 31] but no cases of reactive 
arthritis have been reported.
Similar to some cases of bacterial gastroenteritis, low 
stomach acidity, liver and gastrointestinal disease as well 
as recent therapy with antimicrobials ineffective against 
aeromonads have been reported as associated factors [11, 
13, 32]. AIDS patients, however, did not show a higher fre-
quency of A.-a.d. than non-AIDS patients [33].
Cessation of diarrhea following therapy with antimi-
crobials effective against aeromonads has been reported 
[11] but its significance for a causation of diarrhea remains 
questionable in view of the frequently self-limited course 
of A.-a.d. More significant would be the disappearance of 
diarrhea or of colonic lesions together with newly nega-
tive stool cultures, as has been reported for single cases 
[11, 28, 29, 34]. This could, of course, also be due to a 
self-limited disease or to a transient state of colonization 
with aeromonad(s) [16, 27] in the presence of other en-
teropathogens. Unfortunately, follow-up typing of carrier 
isolates has never been done.
Common-Source Outbreaks and Transmission 
of Fecal Isolates
Although outbreaks are well known for enteropathogenic 
bacteria, the evidence for outbreaks with aeromonads is 
almost non-existent in spite of their ubiquitous occurrence 
in water sources like drinking water [9] and in foods such 
as seafood, meat, and vegetables [35].
The first outbreaks of A.-a.d. were reported from two 
day care centers where 6 of 25 and 5 of 24 diarrhoic chil-
dren, respectively, yielded fecal Aeromonas strains [36]. 
However, the PFGE patterns differed in all except two 
strains. Of 17 diarrhoic patients from Wisconsin whose 
stools contained aeromonads, 14 had their drinking water 
examined for these organisms; only one source was positive. 
Additional isolates from private wells were unrelated by 
PFGE to patient isolates [9]. A similar result was obtained 
in another study using ribotyping [37]. Conversely, during 
a 68-week observation period in Melbourne in which 795 
stool samples from diarrhoic patients were examined, none 
yielded aeromonads but half of the drinking water samples 
of the patients, drawn weekly, yielded the organisms [38]. 
In another study from Wisconsin, A.-a.d. was more often 
associated with consumption of aeromonad-free drink-
ing water than with consumption of untreated water [39]. 
Seemingly in contradiction was a study associating A.-a.d. 
with drinking untreated water but that water had not been 
examined for aeromonads [32].
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Two tropical outbreaks have been reported. In one [40], 
28 of 69 patients admitted during one month to a Beng-
hazi, Libya, hospital had “A. sobria” isolated from their 
stools. A source could not be found. The biochemical char-
acteristics suggested A. hydrophila but the identification 
was questionable because the strains produced hydrogen 
sulfide. In the other report [41], six children in a hematol-
ogy-oncology unit in Chandigarh, India, developed acute 
A.-a.d. with “A.sobria” during a four-week period. All iso-
lates had similar biotypes and antibiograms. Since neither 
study had used controls or molecular typing they cannot be 
used as proof for the presence of an outbreak.
That molecular methods are crucial in this connection was 
also shown in cases where transmission might have occurred 
from food, the environment or from patient(s) to patient(s). 
In one suggestive case of transmission from egg salad, no typ-
ing had been done [42]. In a further study mentioned previ-
ously [31], several isolates of “A. sobria” were cultured from 
an aquarium with which an infant had contact. The infant 
developed A.-a.d. and HUS . While all A. sobria isolates pro-
duced aerolysin (see below) and the diarrhea disappeared 
with the disappearance of A. sobria from the stool, the iso-
lates from the aquarium and from the stool were not identi-
cal in their nucleotide sequences (in view of the multiplicity 
of environmental types it may, however, have been possible 
that not enough colonies had been checked). In this connec-
tion, it is of interest that studies on Aeromonas strains from 
patients` environments have revealed that identical ribotypes 
may be found in epidemiologically related, but also in unre-
lated strains [43]. In one instance, A. caviae was isolated from 
three children, from their mother, and from well water used 
by them. Ribotyping showed identical types in the children 
but unique patterns in the mother and in the well water [44]. 
Cultures of Aeromonas strains in India obtained during a two-
year period have shown multiple types, virulence genes, and 
antibiograms [10].
Only two studies have found identical ribotypes to sug-
gest transmission, one from food (shrimp) to a patient with 
A.-a.d. [45] , and another one from a child to her foster 
parents [44]. The outbreak of food poisoning with diarrhea 
after consumption of Swedish “landgang”, however, from 
which 6 to 7 log10 CFU/gm of enterotoxin-producing A. 
hydrophila was isolated, lacked stool cultures to prove the 
causative agent [46].
Experimental Infections
Surprising for an allegedly enteropathogenic organism, oral 
challenge of 57 human volunteers with 5 different A. hy-
drophila strains producing cytotoxin and cholera toxin-re-
active factor (presumably Act) as well as “hemolysin” (see 
below), using 4 to 10 log10 CFU, led only to mild/moderate 
diarrhea in two participants who received 7 and 9 log10 
CFU, respectively. 55 remained unaffected, although most 
became colonized [47]. Likewise, oral challenge of protein-
malnourished mice [48] or of mice pretreated with strep-
tomycin [49] or clindamycin [50] led to colonization only. 
In the highly artificial RITARD (removable intestinal tie 
adult rabbit diarrhea) model [51] using 12 isolates of three 
Aeromonas species from A.-a.d. patients and from carri-
ers diarrhea, bacteremia, and death were strain-dependent. 
Diarrhea was seen in 23 of 37 rabbits who died and in 11 of 
27 who survived (p = 0.15). Bacteremia was found in 36 of 
the moribund ones and in 2 of the survivors. Colonization 
was detected in all animals but, as in studies mentioned 
previously [16, 27], lasted only up to 10 days. The ileum was 
the most heavily colonized part of the intestine.
Host Response
Similar to other diarrheas in which the causative agent is 
found in the intestine only, serum assays for antibody re-
sponses in A.-a.d. have shown insufficient sensitivity and 
specificity. 7 of 10 sera from patients with A.-a.d. showed 
no agglutinating antibodies; 5 of these 7 had titers of 1:16 
to 1:64 by passive hemagglutination, but that was similar 
to controls [32]. An ELISA for IgM and IgG responses to 
the lipopolysaccharides (LPS) of homologous strains had 
a sensitivity of 30% and a specificity (vs healthy blood do-
nors) of 74% [52]. A cytotoxin-neutralizing assay had a 
46% sensitivity and a 94% specificity; only patients with se-
vere acute diarrhea over 60 years of age reacted positively 
[52]. In a case of HUS following A.-a.d., these neutralizing 
antibodies showed rising titers [30]. SIgA responses to fe-
cal extracts of 13 patients with A.-a.d. showed fourfold or 
more titer increases in 11 by dot-blot and in 8 by Western 
blot but were limited to A. hydrophila and “A. sobria”; two 
patients with A. caviae did not react [53]. If extracellular 
products similar to hemolytic toxins were used, specific 
sIgA responses were seen in 11 of 13 extracts from patients 
with A.-a.d [54]. Neither study had examined carriers or 
blood donors.
Virulence Factors: Occurrence
Aeromonads may produce a variety of biologically ac-
tive extracellular substances similar to virulence factors 
known in other enteropathogenic bacteria. They include 
fimbriae, flagella, outer membrane proteins, an S layer, li-
polpolysaccharides (endotoxin), capsules, proteases, glyc-
erophospholipid:cholesterol acyl transferase (GCAT), and 
siderophores (amonabactin, enterobactin) [26, 55]. Their 
relationship to enteropathogenicity has not been eluci-
dated except that type IV pili have been reported to be 
associated with gastroenteritis [56].
Toxins of particular interest for gastrointestinal 
infections, i.e., enterotoxins, are also present in aero-
monads [26, 55] and were found to be chromosomally 
encoded [57]. All cause fluid secretion in rabbit ileal 
loops. They include:
–  the cytotoxic, heat-labile (56 °C, 20 min) type II-se-
creted enterotoxin Act which is also hemolytic and 
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destroys the intestinal epithelium via cytokines and 
activation of the arachidonic acid metabolism;
–  two (the heat-labile Alt and the heat-stable Ast ) cyto-
tonic enterotoxins which cause an increase in intracel-
lular cAMP and prostaglandins and elongate Chinese 
hamster overy (CHO) cells;
–  various hemolysins, among them AerA , HlyA, Ahh1, 
Asa1[59, 60], and the “A. sobria” hemolysin [61] which 
increases intracellular cAMP. It should be emphasized 
that hemolysis on blood agar plates used in the clini-
cal laboratories is not a reliable indicator of hemolysin 
production since it depends on other factors such as the 
animal source of the erythrocytes and, in experimental 
models, the number of passages in ileal loops [51, 62, 
63]. Generally, erythrocytes are hemolyzed on sheep 
blood agar plates by A. hydrophila and A. veronii bi-
ovar. sobria but rarely by A. caviae.
Here again, studies have found the cytotoxin more fre-
quently in Aeromonas isolates from diarrhoic patients than 
from carriers [64] while in Brazil, the heat-stable cytotonic 
toxin, the cytotoxin and adhesins were not more frequent in 
diarrhoic patients than in controls [18]. Others found them 
more frequently in isolates of A. hydrophila than in those of 
A. caviae and A. veronii biovar. sobria but not more often in 
diarrhoic than in carrier or environmental strains [23]. The 
presence of various hemolysins did not show any relation-
ship to the occurrence of diarrhea in one study [6].
Fecal, extraintestinal, and environmental strains of A. 
hydrophila, A. caviae, and A. veronii biovar. sobria were 
recently found to have a type III secretion system [65].
Virulence Factors: Genetic Analysis
In a study of Bangladeshi children [21], DNA probes were 
used for identification of the genes for the enterotoxins. 
Act was never found alone, and only in the species A. hy-
drophila together with the other two genes. Diarrhoic chil-
dren yielded significantly higher numbers of isolates car-
rying alt plus ast than carriers and environmental samples 
but yielded lower numbers of isolates than environmental 
strains that carried ast only. For isolates with alt alone and 
for different Aeromonas species, significant differences in 
the frequency of these genes between the three types of 
samples could not be detected. The presence of alt plus ast 
was associated with watery stools whereas alt alone was as-
sociated with loose stools. It was concluded that alt plus ast 
may synergistically lead to more severe diarrhea, whereas 
act was found associated with bloody diarrhea [21]. In the 
Indian study [10], only diarrhoic isolates were investigated 
and yielded a similar distribution as in [21] for alt between 
the species but not for act and ast. Transposon mutants of 
an A.-a.d. isolate of A. hydrophila which affected the tran-
scription of act resulted in reduced virulence by 2 log10 in 
mice when injected intraperitoneally. Culture filtrates of 
isogenic mutants with a truncated act caused no damage to 
the microvilli, did not show hemolytic activity any more, 
and showed reduced mouse virulence by 3 log10. Reinte-
gration of the native act resulted in complete restoration 
of its former activity [67]. Knockout mutants caused by 
marker-exchange mutagenesis showed reductions in fluid 
secretions in ileal loops by 64, 48, and 43% in mutants af-
fecting act, alt, and ast, respectively [66].
Double knockout mutants showed reductions of 36, 62, 
and 73% in alt plus ast, act plus ast, and act plus alt, respec-
tively. A triple knockout mutant failed to elicit fluid secre-
tion. The greatest damage, thus, seemed to come from act, 
followed by alt and ast [67].
Genes for hemolysis were found in a majority of A. hy-
drophila and A. veronii biovar. sobria, but not of A. caviae, 
from diarrhoic patients [6, 60]. The absence of hly and 
aer has led to a 20-fold reduction in the LD 50 in a suck-
ling mouse model [61]. Deletion of the gene encoding the 
Aeromonas OMP which is a structural component of the 
type III secretion system resulted in a significant reduction 
in inflammatory cytokines and chemokines in the sera of 
infected mice [68].
Conclusions
At this time, it seems as if only certain infraspecific sub-
sets of aeromonads provided with certain genes for en-
terotoxicity are significantly associated with diarrhea, 
the best evidence arising from genetic analysis. Falkow
,
s 
proposed “molecular Koch Postulates” [69] would 
almost have been fulfilled, depending on the interpre-
tation of the first postulate. Unfortunately, this will be 
of little help to the clinical microbiologist and to public 
health personnel. The microbiologist may, however, base 
his judgment upon the obvious rarity of person-to-per-
son transmission, the lack of proven outbreaks and of 
experimental pathogenicity for man, and the frequently 
self-limited character of A.-a.d. At the present time, 
he may, therefore, decide to limit the search for aeromon-
ads in stools to those from patients with chronic diarrhea 
for which no other cause can be found. The epidemiologist 
will, however, insist on isolation and species identification, 
if not typing. The fact that recovery of aeromonads from 
water did not correlate with recovery from stool suggests 
caution in recommending public health measures to control 
aeromonads in water.
References
1. Martin-Carnahan A, Joseph SW: Genus I Aeromonas Stanier 1943. 
In: Brenner DJ, Krieg NR, Staley JT (eds): Bergey’s Manual of 
systematic bacteriology (2nd edn). Springer, Berlin 2005, 2: 557–578.
2. Figueras MJ: Clinical relevance of Aeromonas. Rev Med Microbiol 
2005; 16: 145–153.
3. Hill KR, Caselitz FH, Moody LM: A case of acute metastatic myositis 
caused by a new organism of the family Pseudomonadaceae. West 
Indian Med J 1954; 3: 9–11.
A.  von Graevenitz The Role of Aeromonas in Diarrhea: a Review
Infection 35 · 2007 · No. 2 © URBAN & VOGEL 63
4. von Graevenitz A, Mensch AH: The genus Aeromonas in human 
bacteriology. Report of 30 cases and review of the literature. New 
Engl J Med 1968; 278: 245–249.
5. Lautrop H: Aeromonas hydrophila isolated from human feces 
and its possible pathological significance. APMIS 1961; 51/S 144: 
299–301.
6. Chu YW, Wong CH, Tsang GKL, Kwok MSW, Wong RKO, Lo JYC, Kam 
KM: Lack of association between presentation of diarrheal symp-
toms and faecal isolation of Aeromonas spp. amongst outpatients 
in Hong Kong. J Med Microbiol 2006; 55: 349–351.
7. Evans AE: Causation and disease: the Henle-Koch postulates 
revisited. Yale J Biol Med 1976; 49: 175–195.
8. Moyer NP, Geiss HK, Marinescu M, Rigby A, Robinson J, Altwegg M: 
Media and methods for isolation of aeromonads from fecal speci-
mens. A multilaboratory study. Experientia 1991; 47: 409–412.
9. Borchardt MA, Stemper ME, Standridge JH: Aeromonas isolates 
from human diarrheic stool and groundwater compared by pulsed-
field gel electrophoresis. Emerg Infect Dis 2003; 9: 224–228.
10. Sinha S, Shimada T, Ramamurthy T, Bhattacharya SK, Yamasaki S, 
Takeda Y, Balakrish Nair G: Prevalence, serotype distribution, anti-
biotic susceptibility and genetic profiles of mesophilic Aeromonas 
species isolated from hospitalized diarrhoeal cases in Kolkata, In-
dia. J Med Microbiol 2004; 53: 527–534.
11. George WL, Nakata MM, Thompson J, White M: Aeromonas-related 
diarrhea in adults. Arch Intern Med 1985; 145: 2207–2211.
12. Pazzaglia G, Sack RB, Salazar E, Yi A, Chea E, Leon-Barua R, Guerrero 
CE, Palomino J: High frequency of coinfecting enteropathogens in 
Aeromonas-associated diarrhea of hospitalized Peruvian infants. 
J Clin Microbiol 1991; 29: 1151–1156.
13. Moyer NP: Clinical significance of Aeromonas species isolated 
from patients with diarrhea. J Clin Microbiol 1987; 25:
2044–2048.
14. Albert MJ, Faruque ASG, Faruque SM, Sack RB, Malahanabis D: 
Case-control study of enteropathogens associated with child-
hood diarrhea in Dhaka, Bangladesh. J Clin Microbiol 1999; 37: 
3458–3464.
15. Agger WA, McCormick JD, Gurwith MJ: Clinical and microbiological 
features of Aeromonas hydrophila-associated diarrhea. J Clin Mi-
crobiol 1985; 21: 909–913.
16. Challapalli M, Tess BR, Cunningham DG, Chopra AK, Houston CW: 
Aeromonas-associated diarrhea in children. Pediatr Infect Dis J 
1988; 7: 693–698.
17. Figura N, Marri L, Verdiani S, Ceccherini C, Barberi A: Prevalence, 
species differentiation, and toxigenicity of Aeromonas strains in 
cases of childhood gastroenteritis and in controls. J Clin Microbiol 
1986; 23: 595–599.
18. Bauab TM, Levy CE, Rodrigues J, Falcao DF: Niche-specific associa-
tion of Aeromonas ribotypes from human and environmental 
origin. Microbiol Immunol 2003; 47: 7–16.
19. Pitarangsi C, Echeverria P, Whitmire R, Tirapat C, Formal S, Dammin 
GJ, Tingtalapong M: Enteropathogenicity of Aeromonas hydrophila 
and Plesiomonas shigelloides: prevalence among individuals with 
and without diarrhea in Thailand. Infect Immun 1982; 35: 666–673.
20. Kühn I, Albert MJ, Ansaruzzaman M, Bhuiyan MA, Alabi SA, Islam 
MS, Neogi PKB, Huys G, Janssen P, Kersters K, Möllby R: Character-
ization of Aeromonas spp. isolated from humans with diarrhea, 
from healthy controls, and from surface water in Bangladesh. J Clin 
Microbiol 1997; 35: 369–373.
21. Albert MJ, Ansaruzzaman M, Talukder KA, Chopra AK, Kuhn I, Rah-
man M, Faruque ASG, Islam MS, Sack RB, Mollby R: Prevalence of 
enterotoxin genes in Aeromonas spp. isolated from children with 
diarrhea, healthy controls, and the environment. J Clin Microbiol 
2000; 38: 3785–3790.
22. Hänninen ML, Salmi S, Mattila L, Taipalinen R, Siitonen A: Associa-
tion of Aeromonas spp. with travelers’ diarrhoea in Finland. J Med 
Microbiol 1995; 42: 26–31.
23. Figueroa G, Galeno H, Soto V, Troncoso M, Hinrichsen V, Yudelevich 
A: Enteropathogenicity of Aeromonas species isolated from infants: 
a cohort study. J Infect 1988; 17: 205–213.
24. Svenungsson B, Lagergren K, Ekwall E, Evengard B, Hedlund KO, 
Karnell A, Lofdahl S, Svensson L, Weintraub A: Enteropathogens in 
adult patients with diarrhea and healthy control subjects: a 1-year 
prospective study in a Swedish clinic for infectious diseases. Clin 
Infect Dis 2000; 30: 770–778.
25. Geiss HK, Fogel W, Sonntag HG: Häufigkeit von Aeromonas species 
im Stuhl von Gesunden und Durchfallkranken. Immun Infekt 1988; 
16: 115–117.
26. Thornley JP, Shaw JG, Gryllos IA, Eley A: Virulence properties of clini-
cally significant Aeromonas species: evidence for pathogenicity. 
Rev Med Microbiol 1997; 8: 61–72.
27. Pazzaglia G, Escalante JR, Sack RB, Rocca C, Benavides V: Transient 
intestinal colonization with multiple phenotypes of Aeromonas 
species during the first week of life. J Clin Microbiol 1990; 28: 1842–
1846.
28. Deutsch SF, Wedzina W: Aeromonas sobria-associated left-sided 
segmental colitis. Am J Gastroenterol 1997; 92: 2104–2106.
29. Farraye FA, Peppercorn MA, Ciano PS, Kavesh WN: Segmental colitis 
associated with Aeromonas hydrophila. Am J Gastroenterol 1989; 
84: 436–438.
30. Bogdanovic R, Cobeljic M, Markovic V, Nikolic V, Ogujanovic M, 
Sarjanovic L, Makic D: Hemolytic-uremic syndrome associated 
with Aeromonas hydrophila enterocolitis. Pediatr Nephrol 1991; 5: 
293–295.
31. Filler G, Ehrich JHH, Strauch E, Beutin L: Acute renal failure in an 
infant associated with cytotoxic Aeromonas sobria isolated from 
patient’s stool and from aquarium water as suspected source of 
infection. J Clin Microbiol 2000; 38: 469–470.
32. Holmberg SD, Schell WL, Fanning GR, Wachsmuth IK, Hickman-
Brenner FW, Blake PA, Brenner DJ, Farmer JJ: Aeromonas intestinal 
infections in the United States. Ann Intern Med 1986; 105: 683–689.
33. Suthienkul O, Aiumlaor P, Siripanichgon K, Eampokalap B, Likhanon-
sakul S, Utrarachkij F, Rakue Y: Bacterial causes of AIDS-associated 
diarrhea in Thailand. Southeast Asian J Trop Med Public Health 
2001; 32: 158–170.
34. Nathwani D, Laing RBS, Harvey G , Smith CC: Treatment of symp-
tomatic enteric Aeromonas hydrophila infection with ciprofloxacin. 
Scand J Infect Dis 1991; 23: 653–654.
35. Palumbo S: The Aeromonas hydrophila group in food. In: Austin B,
Altwegg M, Gosling PJ, Joseph SW (eds): The Genus Aeromonas. 
Wiley, New York, pp 1996; 287–310.
36. de la Morena M, Van R, Singh K, Brian M, Murray BE, Pickering LK: 
Diarrhea associated with Aeromonas species in children in day care 
centers. J Infect Dis 1993; 168: 215–218.
37. Moyer NP, Martinetti Lucchini G, Holcomb LA, Hall NH, Altwegg M: 
Application of ribotyping for differentiating aeromonads isolated 
from clinical and environmental sources. Appl Env Microbiol 1992; 
58: 1940–1944.
38. Hellard ME, Sinclair MI, Forbes AB, Fairley CK: A randomized, 
blinded, controlled trial investigating the gastrointestinal health 
effects of drinking water quality. Environ Health Perspect 2001; 109: 
773–778.
39. Agger WA, Callister SM: Intestinal infections with Aeromonas. Ann 
Intern Med 1987; 106: 479.
40. Taher AA, Rao BN, Alganay KG, el-Arabi MB: An outbreak of acute 
gastroenteritis due to Aeromonas sobria in Benghazi, Libyan Arab 
Jamahiriya. East Mediterr Health J 2000; 6: 497–499.
A.  von Graevenitz The Role of Aeromonas in Diarrhea: a Review
64 Infection 35 · 2007 · No. 2 © URBAN & VOGEL
41. Taneja N, Khurana S, Trehan A, Marwaha RK, Sharma M: An out-
break of hospital-acquired diarrhea due to Aeromonas sobria. 
Indian Pediatr 2004; 41: 912–916.
42. Bottone E: Correlation between known exposure to contaminated 
food or surface water and development of Aeromonas hydrophila 
and Plesiomonas shigelloides diarrhea. Med Microbiol Lett 1993; 2: 
217–225.
43. Demarta A, Tonolla M, Caminada AP, Beretta M, Peduzzi R: Epide-
miological relationships between Aeromonas strains isolated from 
symptomatic children and household environments as determined 
by ribotyping. Eur J Epidemiol 2000; 16: 447–453.
44. Moyer NP, Martinetti G, Lüthy-Hottenstein J, Altwegg M: Value of 
rRNA gene restriction patterns of Aeromonas spp. for epidemio-
logical investigations. Curr Microbiol 1992; 24: 15–21.
45. Altwegg M, Martinetti Lucchini G, Lüthy-Hottenstein J, Rohrbach 
M: Aeromonas-associated gastroenteritis after consumption of 
contaminated shrimp. Eur J Clin Microbiol 1991; 10: 4.
46. Krovacek K, Dumontet S, Eriksson E, Baloda SB: Isolation and viru-
lence profiles of Aeromonas hydrophila implicated in an outbreak 
of food poisoning in Sweden. Microbiol Immunol 1995; 39: 655–661.
47. Morgan DP, Johnson PC, DuPont HL, Satterwhite TK, Wood LV: Lack 
of correlation between known virulence properties of Aeromonas 
hydrophila and enteropathogenicity for humans. Infect Immun 
1985; 50: 62–65.
48. Pazzaglia G, Winoto I, Jennings G: Oral challenge with Aeromonas in 
protein-malnourished mice. J Diarrhoeal Dis Res 1994; 12: 108–112.
49. Sanderson K, Ghazali FM, Kirov SM: Colonization of streptomycin-
treated mice by Aeromonas species. J Diarrhoeal Dis Res 1996; 14: 
27–32.
50. Kelleher A, Kirov S: Rattus norvegicus: not a model for Aeromonas-
associated gastroenteritis in man. FEMS Immunol Med Microbiol 
2000; 28: 313–318.
51. Pazzaglia G, Sack RB, Bourgeois AL, Froehlich J, Eckstein J: Diarrhea 
and intestinal invasiveness of Aeromonas strains in the removable 
intestinal tie model. Infect Immun 1990; 58: 1924–1931.
52. Kuijper EJ, van Alphen V, Peeters MF, Brenner DJ: Human serum 
antibody response to the presence of Aeromonas spp. in the intes-
tinal tract. J Clin Microbiol 1990; 28: 584–590.
53. Jiang ZD, Nelson AC, Mathewson JJ, Ericsson CD, duPont H: Intes-
tinal secretory immune response to infection with Aeromonas 
species and Plesiomonas shigelloides among students from the 
United States in Mexico. J Infect Dis 1991; 164: 979–982.
54. Crivelli C, Demarta A, Peduzzi R: Intestinal secretory immunoglobu-
lin (sIgA) response to Aeromonas exoproteins in patients with 
naturally acquired Aeromonas diarrhea. FEMS Immunol Med Mi-
crobiol 2001; 30: 31–35.
55. Chopra AK, Houston CW: Enterotoxins in Aeromonas-associated 
gastroenteritis. Microbes Infect 1999; 1: 1129–1137.
56. Barnett TC, Kirov SM, Strom MS, Sanderson K: Aeromonas spp. 
possess at least two distinct type IV pilus families. Microb Pathog 
1997; 23: 241–247.
57. Brown RL, Sanderson K, Kirov SM: Plasmids and Aeromonas viru-
lence. FEMS Immunol Med Microbiol 1997; 17: 217–223.
58. Vadivelu J, Puthucheary SD, Navaratnam P: Exotoxin profiles of 
clinical isolates of Aeromonas hydrophila. J Med Microbiol 1991; 34: 
363–367.
59. Tanoue N, Takahashi A, Okamoto K, Fujii Y, Taketani Y, Harada N, 
Nakano M, Nakaya Y: A pore-forming toxin produced by Aeromo-
nas sobria activates cAMP-dependent Cl-secretory pathways to 
cause diarrhea. FEMS Microbiol Lett 2005; 242: 195–201.
60. Wang G, Clark CG, Liu C, Pucknell C, Munro CK, Kruk TMAC, 
Caldeira R, Woodward DL, Rodgers FG: Detection and character-
ization of the hemolysin genes in Aeromonas hydrophila and 
Aeromonas sobria by multiplex PCR. J Clin Microbiol 2003; 41: 
1048–1054.
61. Wong CYF, Heuzenroeder MW, Flower RLP: Inactivation of two 
hemolytic toxin genes in Aeromonas hydrophila attenuates 
virulence in a suckling mouse model. Microbiology 1998; 144: 
291–29.
62. Joseph SM, Ali A: Aeromonas aerolysin – when systematics and 
genetics collide. Med Microbiol Lett 1993; 2: 314–321.
63. Singh DV, Sanyal SC: Production of hemolysis and its correla-
tion with enterotoxicity in Aeromonas spp. J Med Microbiol 
1992; 37: 262–267.
64. Kuijper EJ, Bol P, Peeters MF, Steigerwalt AG, Zanen HC, Brenner DJ: 
Clinical and epidemiological aspects of members of Aeromonas 
DNA hybridization groups isolated from human feces. J Clin Micro-
biol 1989; 27: 1531–1537.
65. Chacon MR, Soler L, Groisman EA, Guarro J, Figueras MJ: Type III 
secretion system genes in clinical Aeromonas isolates. J Clin Micro-
biol 2004; 42: 1285–1287.
66. Sha J, Kozlova EV, Chopra AK: Role of various enterotoxins in 
Aeromonas hydrophila-induced gastroenteritis: generation of en-
terotoxin-gene deficient mutants, evaluation of their enterotoxic 
activity. Infect Immun 2002; 70: 1924–1935.
67. Xu X-J, Ferguson MR, Popov VL, Houston CW, Peterson JW, Chopra 
AK: Role of a cytotoxic enterotoxin in Aeromonas-mediated infec-
tions: development of transposon and isogenic mutants. Infect 
Immun 1998; 66: 3501–3509.
68. Fadl AA, Galindo CL, Sha J, Erova TE, Houston CW, Olano JP, Chopra 
AK: Deletion of the genes encoding type III secretion system and 
cytotoxic enterotoxin alters host responses to Aeromonas hy-
drophila infection. Microb Pathog 2006; 40: 198–210.
69. Falkow S: Molecular Koch’s postulates applied to bacterial pathoge-
nicity – a personal recollection 15 years later. Nature Rev Microbiol 
2004; 2: 67–72.
